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.Tube element breakage does not disrupt collector 
operation. 
.Leak tight to less than 1% design flow; wstem heat 
loss and air pumping power are minimal. 
.Safe to long-term exposure at high temperature 
stagnation (no fluid flow) conditions. No thermal 
shock failure. 
.Corrosion-erosion problems elminated. (No fluid 
additives or fluid treatment required. Pollution 
problenis from the disposal ot waste fluids 
eliminated. No cost air is used,) 
.High performance-high thermal efficiency operation. 
Simple single wall heat exchange for domestic hot 
water heating applications. 
.Modular in design for minimum on site labor and 
installation cost. 
Modular in construction, a 72 tube unit may be 
ground assembled, lifted to position and installed 
with a minimum of on site labor. Weighing less 
than 340 pounds with tube elements installed 
(120 pounds without the tubeelements), the 100 
square foot unit is easy to handle. Since the roof 
is used as the diffuse reflecting backing screen, 
virtually no additional loading of the structure 
results even under high wind conditions. The 
tubular elements are about eight inches above the 
roof line and shed snow easily. Collector 
performance testing during the heavy snow conditions 
of the 1978 Toledo winter demonstrated virtually no 
lost days due to snow cover. 
Since the same basic tubular elements are used for 
either air or liquid cooled collectors, the long develop- 
ment and service experience of the Sunpak collector 
is applicable. The optical characteristics. the 
demonstrated strength and service life of the KG-33 
borosilicate glass, the vacuum protected selective 
coating and the low coefficient of thermal expansion 
and attendent high thermal shock resistance are unique 
features of the Sunpak collector family. The liquid 
cooled member, in field demonstration projects 
since 1975, has accrued the field service experience 
yielded only by thousands of installed square feet 
evaluated under actual operating conditions delivering 
high quality energy to a variety of load applications. 
The largest single iiquid cooled collector installation 
is the 7000 square foot array used to drive con- 
ventional cooling equipment for the Government 
Services Adminstration (GSA} Building, Saginaw, 
Michigan. Successful operation during the cooling 
season of 1977 and the heating season of 1978 has 
demonstrated the year-round performance capability 
of the Sunpak liquid cooled evacuated tubular 
collector. 
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Thermal Performance 
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Figure 2 1 hermal Performance 
Thermal performance is presented on an all day 
operating basis rather than the solar noon instan- 
taneous efficiency condition. The data points 
reprknted by circles were obtained for relatively 
clear day conditions. The collector was south facing 
at  a tilt of 45O in Toledo, Ohio, at a latitude of 410. 
The test period was from April 12 to May 20, 1978. 
The test procedures, instrumentation and data 
reduction were conducted under the surveillance of 
an independant agency, Smith, Hinchrnan and Grylls, 
Detroit, Michigan. Each point represents one full 
d ~ y  of testing. Titus, optical effects due t o  :tie 
angle of iricidencc of solar radiation arid t l ie 
ph\;sic~iI characteristics of tile collector stici: as 
i t s  ttidrmal mass and time constant are integrated 
over an operating day. The reported performance is 
penalized for any time during the day when the 
operating conditions resulted in a negative gain; 
the energy lost was subtracted from the energy 
gained to arrive a t  the net gain for the day. 
To a good engineering approximatiov, a reasonable 
first cut at predicted performance may t ) ~  obtained 
by using monthly daily averages of insolation trans- 
formed to the tilt plane of the collector and 
average daily ambient temperatures. Wind s p e d  and 
relative humidity have virtually no irnpact on thermal 
performance. The only assumption required is the 
value of the collector inlet fluid temperature sumnied 
over the operating day. 
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The i11~r lsI t iv i iy  oi (he (%I tormance f)tdictions IC 
an error in assumption for F Tin IS a tiiliqtce 
feature of a vel y low loss characterisfic collector. 
While a "smart" contrcller would allow collector 
f!uid tfovv cnly under conditions of risefu! energy 
gain. the use average daily sunshine hours results 
in m l y  a minimal penalty (conservative estimate) due 
to the low threshold level of insolation reqiired by 
the collector. To predict the thei mal performance of 
tbe COllectOr~ 
P r xedu r e 
Step 1 Determine the long-term monthly daily 
average for the solar insolation at the wltxted 
geographic location from the Ciirnatic Atlds or 
other accepted source. 
Example- Madison. Wisconsin 
June December 
- 
H =  1895EU = 424 BTU 
Ft.2 . Day F F  - Day 
Step 2 Transform the daily averaye insalation 
from the reference plane to the tilt 
plane of the collector 
EmT,ple: Madison. W i x -  
(Collector Tilt = 530) 
Step 3 Select the average fluid inlet temperature 
!or the intended operating conditlon. 
Example: Madison, Wisconsin 
Hot Water Heatin5 Space Heating 
Tin = 14OOF Tin 80°F 
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Step 6 Enter data into the characteristic equation 
of the collector efficiency curve. 
Example: Madison, Wisconsin 
June December 
n=.52 - .15(618/1463) n=.52 - .15(179/877) 
R =.46 R=.50 
Step 7 Multiply Step 2 by Step 6 to obtain the 
predicted useful energy gain of the collector 
per square foot of effective installed area. 
(Effective installed area equals 80% of total 
installed area.) 
Example: Madison, Wisconsin 
qu = 1463 x .46 qu = 87? x 50 
qu = 673 6 3  qu = 439 
Ft.2-Day F t -2- Day 
Step 8 Multiply Step 7 by the number of days 
per month to obtain the useful energy 
gain of the collector per month. 
Example: Madison, Wisconsin 
q,, = 673 x 30 q, = 439 x 31 
q,, = 20,190 BTU qu = 13,609 BTU 
F T -  M on t h F M o n  t h 
The collector area required for the appllcatlon is deter- 
mined by the solar system designer based on the load 
requirements and the percent ot total load expected to 
be pmvidecc by solar. 
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For more accurate results, the daily thermal 
directly in thermal performance predictions through 
the use of such procedures as the "f" chart' approach. 
It should be noted, however, that the upper 
temperature limits at which energy must be dumped 
and the threshold insolation level at which the 
collector will turn on are much different than the 
assumptions used in generating the background data 
from which the "f" chart procedure was developed. 
. performance characteristic equation may be used 
Fluid Flow  
Figure 3 Parallel Air Flow Path 
The 72 collector tube elements are mounted in a 
parallel flow path arrangement. This minimizes the 
pressure drop due to air flow in the collector which 
is 0.38 inches of water gage at the design flow rate 
of 2CFM per tube (144CFM per module). The 
manifold ducting is sized to minimize the static 
pressure gradient and is center fed to equalize 
flow distribution in each of the tubes. The ex i t  
or higher temperature air duct is contained 
essentially within the inlet or lower temperature air 
duct to minimize duct heat loss. For other than 
design flow condition, test data demonstrate the 
imperical re!ationship between air flow and pressure 
drop to be: 
AP = 0.1 (CFM)1.92 
4 P  = inches, w.g. 
CFM = volume flow in Ft.3/min per tube 
Because of the very low loss coefficient of the collector, 
relatively low air mass flow rates may be used without 
a significant degradation in thermal performance. This 
minimizes the air pumping power requirements. For 
example, at 2CFM volume flow per tube, the 
collector pressure drop is only 0.38 inches, w.g. 
Allowing for pressure drops in ducting and other 
system components, a total system pressure drop of 
0.6 inches, w.g. would be feasible. The air fan 
pumping power requirement at a 15% fan efficiency 
for a Model SEC-601 collector module would be: 
HP = 1 5 7 . 5 ~ 1 0 ~  X P X CFM; HP 
"F 
AP = inches, w.g. = 0.6 in., w.g. 
CFM = Total volume flow = 2x72 = 144CFM 
nF = Fan efficiency = 15% 
HP = 0.09 HP = 231BTU/HR 
'Klein, S.A., Beekman, W.A., Dujfie, J.A. "Design 
Procedures for Solar Heating Systems" 
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. Two thermocouplss (copper-constantan Type T) 
are supplied witn each module. They are located 
in the annulus area of a tubs element about mid- 
way along the axial length of the tube. The 
indication of air temperature in the tubes may 
be considered in establishing system control 
strategy. 
The Model SEC-601 air-cooled collector has been 
qualified for continuous operation for up to 325OF 
exit air. temperatures. This limit is related to potential 
long term degradation of the insulation and bn 
attendant increase in heat loss. Operating instructions 
recyire that collector start-up be limited to a 
measured stagnation temperature within the 
collector of 450OF or less. This limit is not 
related to thermal shock or any catastrophic 
failure mode: repeated exposure to excessive high 
temperature start-up or continued operating 
temperatures above 350OF could &;se a gradual 
loss in thermal performance due to an induced 
increase in air leakage or to the degradation of 
the insulating properties of the system. The 
collector can withstand long-term exposure to 
high temperature stagnation (no air flow) 
conditions without degrading the operating 
thermal performance characteristics. 
bC36/8/78 
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